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Abstract

Effects of mechanical vibration on solidification behavior of

Al-S1—Cu alloys

By Seong-Ho Bae
Advisor: Prof. Hee-Soo Kim, DPhil
Dept. of Advanced Materials Engineering,

Graduate School of Chosun University

The purpose of this study is to investigate the effect of mechanical vibration on
the solidification behavior of ternary Al-Si—Cu alloys using a step—wise mold. Cu
1s added to the binary Al-Si alloy to improve mechanical strength and workability
and it 1s widely used for die casting. We investigated the effect of mechanical
vibration on the relationship between cooling curve and secondary dendrite arm
spacing (SDAS) by adding 0~2% of Cu into Al-8wt%Si alloy. The a-dendrites
were destroyed by mechanical vibration, changing into equiaxed grains. The
coarsening constant for SDAS growth was decreased with Cu content when no
mechanical vibration was applied, while it was rather constant when the
mechanical vibration was imposed. When the mechanical vibration was applied,
SDAS was similar to that of the specimen cast without the mechanical vibration,

and the coarsening constant for the SDAS growth increased slightly.
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Figure 2.1 Phase diagram of the Al-Si binary alloy system.
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Figure 2.2 Schematic drawing of microstructural change of the Al-Si

alloy during solidification.
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Figure 2.10 Schematic diagram of the ultrasonic converter equipment

[52].
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Figure 3.4 Second dendrite arm spacing measurement technique.
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Figure 4.1 Graph showing the cooling curve of at Al-8wtSi-2wt%Cu

alloys during the casting without mechanical vibration.
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Figure 4.2 Graph showing the cooling curves at 3rd step during the

casting without mechanical vibration.
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Figure 4.4 OM images of Al-8wt%Si-2wt%Cu cast without mechanical
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Figure 4.5 OM images of Al-8wt%Si-2wt%Cu cast without mechanical

vibration (magnified).
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Figure 4.6 OM images of Al-Si-XCu alloys cast without mechanical

vibration.

{“ICollection @ chosun



40 1 v | v I

—8— st
—&— 2nd
—&— 3rd

30F —— 4th

SDAS (4m)
T

'__
—h—
+
+

10

0 | L | 2 |

o

1

N

Copper content (Wt%)

Figure 4.7 SDAS the cast without mechanical vibration.

Collection @ chosun



27 v ! v I v I v ) v I

25  Best-fit line -
24

19 1 -

18} -

17 N 1 N 1 " 1 N 1 s N
0.3 0.4 0.5 0.6 0.7 0.8 0.9
R—1/3 (K_1/3‘S_1/3)

Figure 4.8 Estimation of the coarsening sensitivity(4) in Al-8wt%Si alloy.
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Figure 4.9 Measured proportional constant 4 as a function of Cu content

in Al-Si-Cu ternary alloys cast without mechanical vibration.
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Figure 4.10 Graph showing the casting cooling curve of

Al-8wtSi-2wt%Cu alloys during the casting with mechanical vibration.
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Figure 4.11 Graph showing the cooling curve at 3rd step during the

casting with mechanical vibration.
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Figure 4.13 OM images of the Al-8wt%Si-2wt%Cu alloy cast with
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Figure 4.14 OM images at 3rd step of Al-8wt%Si-2wt%Cu alloy cast

with mechanical vibration.
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Figure 4.15 Measured proportional constant 4 as a function of Cu content

in Al-Si-Cu ternary alloys cast with mechanical vibration.
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Figure 4.17 Graphs showing the (a) equilibrium phase transition
temperatures calculated using JMatPro and (b) experimental results of T,
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Figure 4.18 (a) Concentration profiles in front of the eutectic phase
showing the effect of mechanical vibration. (b) Undercooling becomes

severe to keep AC large enough for eutectic growth.

Collection @ chosun



(a) (b)
1 1 1 1 1 ) 1 I
40} g 40 B
& O
— o
£
£ 30}f { E a0} -
e g
g =
s 20} {1 5 20f -
& 3
10} . 10| .
1 " 1 M 1 " 1 1 M 1 " 1 " 1
1 2 3 4 1 2 3 4
Mold step Mold step

Figure 4.19 Graphs showing the solidification time at the mold steps (a)

without vibration, and (b) with mechanical vibration.
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Figure 4.20 Graphs showing SDAS of the Al-Si-Cu alloys (a) without

and (b) with mechanical vibration.
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Figure 4.21 OM image of Al-8wt%Si-2wt%Cu alloy cast (a) without, and

(b) without mechanical vibration.
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alloy cast (a) without, and (b) with mechanical vibration.
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